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ABSIBACLT
-The collection and analysis of cata from programming projects vS

necessary for the appropriate evaluation of software enginveriag
methodologiese. ToWwards this ena, the Softwarc casinceryaoag,
Laboratory has been organized betaecn the University ol Naryloon
and NASA Goddard Space Flight Centere This paper Cccesciriovs NS

structure of the Laboratory and provides some Ga&la on  »rOojut

Loen

evaluation from some of the early projects that flave
monitored. The analysis relates 10 resource forecasting usin, o
mooel of the project life éycLe based upon the FRayieiuyn @¢qua.iuan
and to error rates applying iceas developed by ocelacy anu Lehmaun.
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60ALS QF L ABO2ATORY

A great deal of time &and money has veen and will continue to
be spent in developing software. duch effort has yone into the
generation of various software de velopment methodolosies that are¢
meant to improve both the process and the product [Myers, ©oaker,
Wwolvertonl. Unfortunately, it has not always been clesr ~hat the
underlying principles involved in the software oevelopment process
are and what effect the methocologies have; it is not always clear
what constitutes a better producte Thus progress in finding
techniques that procuce better, cheaper software <depends on
developing new deeper understandinés of good software and' the

software development process. At the same time we must continuc to

produce softwares

In order to investigate these issues, the Software Engincering
Laboratory has been established,in August, 1776, at NASA Goddardg
Sosce Flight Center in cooperation with the University of "orylanc
to promote such understanding Cuyasili & Zelkowitzle The coals of
the Laboratory are to analyze the software development process ono
the software produced in order to understana the gevelopment
process, the software produc t, the effects of various
“jmprovements' on the process and to develop guantitative measures

that correlate well with intuitive notions of good software.

The goals of the Lauworatory can be broken down 1into three

major tasks:

1. Provide a reporting mwmechanisa for monitoring current/

project progresse 1his goalv is to provide wmanagement with%} -
up-to=-date data on current projec.t cevelopment, bEetter reporting\
procedures can pinpoint problems as they develop and help\
eliminate their spread snd growth. J

2. Collect data at as fine & level as possible that <can be

used to determine how the software 3s being developec, c¢xtend
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results that have been reported in the literature avbout very large
software developments and their characteristics to wmedium sizeo
projects (5 to 10 man~years), hel | ciscover what parameters can be
validly isolated, expose the parsreters that appear to be causing
trouble, and discover apgpropriste milestones anc technicues that

show success under certain conditionse.

3. By comparing data collectec from several NASA projects,
compare the effects of various technologies and other paraneters

upon system development and performances

LABGRATORY ORERATIIOQN

Projects for the Systems Deve lopment Section at NASA typicaily
are produced by an outside contractor under supervision by HNASA
enployeese Most products are in the 5 to 10 aman-year ronge in
sizey, and are generally Llarge batch programs for an I3M 3460

systems The programs are almost always written in FORTRAN.

To evaluate programming methodologies, & wmechanisa Was
established to collect vata on e¢ach such projects The initial goal
was to collect as much relevant data as possible with &5 (ittle
impact on the projects and software development proctices &s
possibles Jt—is—bel§EVeo that alvnough—there-has_been. sore - impact

_and interferencey—iT Ry s veen~nin"imale As we gain knowlecsge as to
what data to collecty we hope to shorten the manual input from the

project personnel, and to automate some of the taskse.

similar to other reportiny projects of this type, the
principal data gathering mechanism is a8 set ot seven reporting
forms that are filled out by project personnel &t various times 1in
the development life cycle of a project [Walston & Felixl. Sonmc
of these are filled out only once or twice, while o¢ihers &re
filled out regularly. The seven forms that are currently in usc

include:
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Analyzing Medium Scale Sof tware Development*

i. Geperal Proiect Summary. This form is filled Out‘or updated
at each project milestone and def ines the scope of the proolem,
how huch has veen completedy, estimates for the remaincer of the
projecty, and what technigues are teing used. It is & todp level
structure of the overall organization and is fillec out by the

project manager,

2. Component Sumzarye This form is filles out ocuring the
design phase and descrives the structure of eacnh component (e. g.

subroutine, COMMON plock, etce)

3. Procrapner ADalyst Surveye This form is filled out once by
each programmer in order to provide & general bacaground 07

project personnel,

4. Resource Summarye This fora is filled out weekiy ULy the

project manager and gives manpowe r and other resources charged to

the project during the week.

Se nggongg; Stetus Reporte. This is the major accounting fora
that listsy for each prograwmery, what activities were performcc on
each component for the weeke This is the basic form <thet Llists

what happened and when.

6. Conmp

1c
Wt

€

(]

Program Rup Apalysise Tnis form contains an  entiry
each time the computer is usede. It beiefly describes what the
computer is used for (ee. ge compile, test, etc,.,) and what happencd

{ee. Ge error messages)s

7. Change Report Fforme. This form is completec for each chonge
mace to the system. The rcason for and a description of the change
are given, If the change is made to correct an errory t1he wethod

of detection, effects on other parts of the system, time to

correct and type of error are noted on the form.

The data that 3s collected is entered into the INGRES PO

data base system [Heldl. This process is somewhat tedious oue 10
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the care needed to insure cats va licitye Almost all of the crrors

not detected by hand checking of the coded input is detectled by

the input proyrame

ALl projects that are currently being monitored can beo broxen

down into three broad classifications:

1. The screening experiments are the projects that siwply have
‘the requirement to submit reporting formse. They provice a basc
line from which further comparisons can be made, and upon which

the monitoring methodology can be testede.

2. The semi-controllicg gxperiuents are a set of relotively
similar large scale cevelopmentis. Wnile they are ciiterent
projects, they are sufficiently similar in size and s¢copc 50 that
comparisons can be made &Cross these projectss In this cusc,
specific technigues are sometimes required to be used in orcer 1o
measure their effectiveness. These projects are the standarc
spacecraft software developed by the Systems Development Section
at NASA,

3. The coptrolled experinenis are a set of projects that arc
developed using different methocologiess These ageveiopnents arv
the wmost c¢losely monitored and controlled of tne thice
classifications so that the effects of methocology uyon thesc
projects can more easily be measurea than in the semi=-controllceg

experimentse.

For each project, a set of factors that eficct software
development are extracted by the forms. Some of the factors theat

are of interest include:

1o
o
to

1o

ple factors (size and expertise of developuent Teaimy
team organiza

n)

p s
©

t

2. Problem fagtors (type of proolem to solve, magnituce  of

proolem, format of specifications, constraints placeg upon
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solution)

3. Process factors (Specification, design and prograinming
languagesy, technigques such as code readingy walkthroughsy top duwn

design and structured programming)

4o Pryucduct £

o
10

tors (Reliability, size of system, efiiciency,

Nt

structure of control

S. Resource facrors (target and development compuier sSyslcChy

developrnent time, budgex)

6. Jools (Libraries, compilers, testing tools, maintensnce

tools)

some of these factors <c¢an be controlled while otihers iy
inflexiblee Such items as cevelopment computer system, DLbudjcl,
format of input specifications and type of problem to solve orv
mostly fixed and change very slowly year by year. On the other
hand, factors lLike structured programming, design technigues und
team organization are wuch more wunder the controv of The

laooratory and can be varied across different projects.

For each semi-controlled or controlled project, a set o¥ thest
factors is predetermined. For example, a project wmay UuUse 4
librarian, code reading, walkthroughs, a PDL angc strucltured
programminge The other factors that affect development will oecore
apparent through the information btained on the generul projecy
summarys In order to enforce these methodologies on projcct
personnel, a training period, consisting from a two hour leclure
on filling out forms up to a week s classroonm training, is wveinc
Utilizeds. Every effort is being mace to use aethodologies iaai
are compatible with a project manasger”s basic beliefs so that no
friction develops dDetween what the manajer wants to do and what nv

MUST GO
Much of the early effort in the Laboratory was expencec in ihe

6
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organization of the operation and generation of data coliection
and validation procedures and foris. We have reachco o point where
sufficient data has been obtained to permit Us to ecvaluate our
operational procedures and to analyze data with respect {0 ¢Ooais
one and two in the introduction. In the following two sections,
early evaluation of the collected cdeta 1is presented. The wajor
emphasis in these first evaluations is on reporting progress and

rei{ability of the developing sys tene

e

s

QGRESS EQRECASIING

12

One important aspect of project control is  the JCCLrutv
prediction of future costs and schegulese. A model of projoct
projress has been developed and with it estimates on projuect costs

can be predicted,

The Rayleigh curve has been found to closely resewblc tne Uiy
cycle costs on large scele software projects [Norden, Putnaawl. At
present, we are assuming that this is true for medium scuiv
projects as welly, and are developing reporting procedures LosSeG
upon this function. As cata becomes available, we will be better
able to test the underlying hypothesis and refine it furtier.

The Rayleigh curve yiclding current resource expenditures (y)

at time (t) is given by the eqguation:’

l
y =2 K a t exp(=at )

where the constant K is the totasl estimated project cost, anc the

constant a is equal to 1/(Tg%=2) where Id is the time when

(R

development expenditures reach & maximume In our environacnt K an

a are expressed in hours of effort, and t is given in wecks.

Estinates on Initial fLaxa
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For each project in the NASA environment, the recuifements
phase yields estimates of the total resources and develoymoent time
needed for completione. This data 1is obtained by the Loeborstory vi,
the General Project Summary forme. From this data, a Rayleigh curve

for this project can be computea.

From the General Project Summary, the Tfollowing threc
paraneters are relevant to this analysis:
1) Ka, total estimsted resources needed to <cowmplete The
project through acceptance testing (in nours).
2) Yd, the maximum resources needecd per weex toO ccuplote Lhe
project (in hours)e.:

3) Ta, the number of weeks until acceptance testing.

Since the Rayleigh curve has «wnly two parameters (K and a2,
the above system is over spécifieo wnd one of the above variaoien
can be determined from the other 1Iwo. Since HASA Lucocris  orve
generally fixed a year in advance, there'is usually Llitile (hot
can be done wWith total resources available (K2s Also, since tav
contractor assigns a fixeo number of individuals to work on ilnhvu
project, the maximum resources Yd (st least for severoel nnoninsy is
slso relatively fixed. Therefore, the completion date (73)  will

vary aepending upon K and Yd.

As stated above, Ka is the total estimated resources neecced 1o

-
o]
.

develop and test the system throuyh the acceptance testing  sto¢
By analyzing previous NASA projects, this figure Ka is obout 3&x
of total expenditures K. The remaining 124 oes towarcs {ast
minute changese The seemingly low figure of only f¢% 1o cove
everything other than design, cod ing, and testing can be Caplaines
by the following two facts local to our NASA environnent

“) the initial reguirements and specifications phases arv
handled by different groups from ithe cevelopment section, &nc Thul

this data does not appealy and

C‘E?}C;BT“; A‘_ ;.:;"“ ; PN
IR = 3 PN
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2) shortly after acceptance tesiingy, a thirc group unduriteac,
the maintenance operation, and so the full maintensnce Ccosts  wiso

are not included in the estimates .

For this reason it should be clear that we nsve nu acilticl data
to match the Rayleigh curve in the early stage (regquirencnis) an.
late stage (maintenance). However, the major central portion o
the curve should be 3 reliable es timate of the cvevelopienlt CO5Ts,
and it is here that we hope to prove consistency betwoen the adata
collected on these mecium scale projects and the luriec suoolvw
projects in the literature. bHesicesy on the large sCole urojecis;:
the Rayleigh curve also acts as an accurate preuictor oi  the
designy coding, and testinyg stases Loth combinev anc TRGIVIGUG Ly
[Putnamle (In the future we expect 10 obtain some dato orn tne (Gi;
term maintenance phasee A Maintenance Reporting Fora aasv  ooeed
developed, anc the mainienance se ction has agreea to Tili out his
forn and report back the cdata. Due to the [ifetimes of these
spacecraft related software systems, the data Will not o
available for about another year.)

Thus given the estimate of project costs Ka in hours, the totul

resources needed is given oYy:
K = Kal/.868

or.
Ka = .88 K

Then given constant a, the cate of acceptance testing Te Cah
be computed as followse The integral form of the Rayleijn curve is
given by: '

y = K (1 = exp{(=a t )

where Yy 15 The total exgpenditures until time t.o From the previous
discussiony, we know that at acceptance testing, ¢ 5 70K,

Therefore,
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2
e6B8K = K (1 = expl=at 2))
'SoLving for t yields:

t = sqrt( =in(.923/7a )

£

Putnem L[Putnam?l] states that for development etforts o

3
.
~

~
-

A&
~

acceptance testing (Ta) is relatec to tne time of peak etiort

by the relation:

To

1]
et

a
&7

sqr

or

Ta Tp * sqrt(é)

From our own smaller projects, we found that this gives unswoeis
consistently higher by about 3 to 1u weeks, therefore we arc using
our owh - +88K rule to detérmine acceptance testinge WwWny our
projects do not agree with the empirical evidence of larye $catlv

projects in this area is now unce,r studys

The raw data for personnel resource estimates are not dircctly
usable in our analyses since they include indivicuals o+ varying
functions and salaries and therefore varying costse The following
normalization algorithm has been applied to the resource cata:

ach programmer hour is given a weight of 1, an hour ot wmanagenent

m

ime costs 1.5 while a support nour (secretary, typing, librarian,

[ad
-

etce) cOSts «5¢ This s a reasonable approximation to 1ihe truve

costs at NASA.

Taking the given value of K, wwo different Rayleion curve
estimates were plotteud for each of two different projectis
(referred to as projects A and o) by adjusting the constent .. FOV
one estimating curve it Wwaes assumed that the estimate fOor feexiiua
resources per week Yd Was accurate and that the acceptance tesiing

ate Ta could vary, while in the cther case the assuned accogiance
T
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testing date 7o was fixed and the constant & could ve adjustoed to
determine maximum weekly expenditures Yd needed to mect the target
datee. These plots for the two ¢itfferent projects are s90wn s

figures T and 2.

The curve Llimiting meximum weekly expencitures wmight Le
considered the more valuable of the two since it nmore closcly
approximates project cevelopment curing the early stages ot the
projectes In both projects A anc¢ oy the maximum resodrce euiimatc
Yd was predicted to be insuffic ient for completing acceptancy
testing by the initially estimatea completion date Tu. In  oONC
case, the Rayleigh curve predicticn for acceptance testing was 50
Wweeks instead of the initislly estiwated 46 weekse The oveiual dute
was5 62 weeks = yielding only & 7% errof (Figure 3). The jrediciion

for project B showed similar resultse

As it turned out, both projects overran their respeciive
budsets by approximately 1500 hours (104 for A anc 12% for uv), onn
maximum weekly resources did not agree exactly witlh initiatl
estimatese. If these corrected figures for Ka anu Yd are used in
the analysisy then Ta, the date for acceptance testing, is oI
weeks instead of the actual 62 weeks for project A which is an

error of only 3% (Figure 3).

Note however that tne corrected figures for gproject [ yicld 2
Ta of 44 weeks instead of the actual 54s This discrepency i35 auc
in part to the extreme variance in actual develorzacnt hours
al located to the project each week, especially towards the Llatter
perioc (See figure 2). If an average value of 425 hours por weok
is substituted for the awbsolute meximumy, the projectec coumpleiion

date becomes 49 weeks, yielding an error of only 5 weechks.

It s clear from the analysis of this last datay that ocuc to
the size of the project anc the effect small perturbations hove on
the prediction of results, that there is definitely o «ificrence

in the analysis of projects of the size being stucice Dy the

1 g i s
X Gt Ly 88
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Laboratory anc the large scale ef forts reported in the (iteraturce
To demonstrate this point even further, consider the &ctlual datd
in the curve in Figure 1. The s.ignificant worop in dcvelopment
activities during the weeixs 2%, 26 and 34 can be attiritutece to
Thanksgivingy Christmas and Washington®s Birthuay, atl holidays
for the contractore. Thus our data is quite sensitive to holicoeys;

employee illness, and project personnel changes.

Predigting Progress

In order to test the precictability of the nodely, <curve
fitting techniques to the actual Jdats were usede Thc Royleigh

curve can be rewritten &s:

ra

in (%) = ln ¢ = a%t

where
c

K = e__
e*3

-k

the

G
-

This equation can be used to cerive the equation y=f(iJ

collected data (yi/ti, ti) using least squares technigues.

From this solution, figure 4 was plotted for project Ao The 2
représents a best fit using all of the collectea data points while
the curve plotted with *+ represents a best fit based wupon points
up to the original point assumed to be acceptance tesiing (4a
weeks for project A) to <check the mogel”s -ability o previct

completione

Figure 5 summarizes the resul ts. These are not very 000, anc
Figure 6 is a possiole explanation., On projects this smalil, ho
resource curve is mostly a step functione Thus sssuming o Royleign
curve estimate at point x results in an earlier sharpcr ulciLine
while an estimate at y results in too little s declinc. Starting

1¢

Pl ~

CRIGINBL P30 18
CF POOR QUALIYY



Analyzing Medium Scale Sof tware Developmentx

with Norden”s original assumptions that leo to the aayleigh curwv.
as a predictor for large scale gevelopments, current rescaorci T
investigating variations to the basic curve so  thox it i
“flatter" 3in its mic-range, and better approximates grojectis o0F

this size.

Forecasting of Copponepts

As part of the reporting procedure, the Comdonent Stuilus
Report gives manpower date on each component of the systoeay o
the Component Summary g¢ives the necessary size wnd Tif
estinatese Therefore eguations can be developed Tor cach
component in the systeme. Thus we are able to estimate wﬁcthcr any

piece of the system is on schedule or has slippede.

At the present time, summary cata is printed on exjcnuiiuses
for each component in a project. In figure 7, CM is a subsysticw o
the project, and the other listed components are & sawplc of  the
components of CMe The above algyorithm is now peing investigoetoed
to see whether all components should be <checkec ono AVERS
indication (such as a * next to the name) made if & cowyonent
seems to be slippin, from its estimsated schedule. In thc future,
more accurate predictions of Ka from K will be investiyuledse HOW

we ll the basic Rayleizh curve fits this data 95 also woein,

studied. In addition, w¢ would L ike to collect gave rom Troe
analysis and maintenance sections at NASA to inciude The
requirements, specifications and maintenance phascs A the

lifetime of each projecte.

Putnam lists only two paremeters affecting overalti systosd
development: total manpower needs &N MaxXiMURM  WaADGWCMe  WhGl

effects do other prograaming techniques have (if any) on ihe S.o50¢

of this curve? For exawple, prosonents of many =mcthocologiesy
13
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such as structured programmingy precict a slower rise in the curve

Us jng the proposed techniguess

Besides project forecasting, 'several other areas &are wunder
investigatione. Some of 1these are briefly wuJvescrived in the

following paragraphse.

o
<
[l
()
(=g
i
o
[ (o}

Overhead is often an c¢lusive iten to pin down. In Cui nrojccts
three aspects of development have been identified: [ro,ranmuer
effort, project management, and support items (typing, LiLrurians,
ctericaly etcele In one project programmers accounteu Tor aboul
Si% of total expenditures with the support activities turin, sboui
one third of the rewaining resources. In addition, only oslout &7
of all programmer time was accountadble to explicit componnais 01
the systemse The remaining time incluaes activities like wretinigs,
travelingy, attending truining sessions, and other activities nov

b

directly accountable. As others have shown, this figure wmust De

included in computing effective workloads in hours per wuek.

Error ApalYsis

One early investigation using the <collected change reporis,y
was to test the hypothesis of bBbelady and Lchman C1776]. Oy
. studying several large systems, they determined thoetl for each
release of a ygiven system, the per cent of modules altered sincu
the previous-release was constant over time ("handliny rate”s.
Since Our own data was mostly datas collected curing initesreticn

testingy, the extension of their results were testied ia our  own

14
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environment. In addition, besiaces the handling rate, WC also

wanted to investigate the report rate, or the rate at which

chanjes were reported over time on the developing SYSUicCi«

Figure 8(a) shows this early evaluation, which clearly cues

not represeat a constant hancling rate. The waaiwlin rTate 0OF

handling modules occurs in the micdle of the testing pericde.

OSne result which was surprizingy however, is is  the report
rate of figure 8(b). This represents the number of changc repores
submitted each weeke. This figure cioc remain constant tor ailmost

the entire development time.

In order to test this seconc resuit further, acditional dateo
from & second project was studied. This seconu Proj;oct  wWos
completed during the early days of the Laboratory, unc bevore
standérd procedures werc established for completing the forins.
Because of this, the Gata is NOT oS accurate ss the data oF {iure
5 Gue to the way it was initially collecteds In spite ovi thisy it
too has similar behavior. This ghenomenon will be studiec in

greater detail in the future.

SUbM ARY

The major contribution of the Laboratory to the fieclao of
software engineering 1is the &bility to collect the «xinu of
detajled data currently unavailaoie, anc collecxt it fur & class o
projects (medium scale) that has hot yet been well anolysca.
finer level of monitoriny and data collection can yieleg beiter
analysis and understanding of tne details of the developwent
process and producte The mediunm scale size of the projects permit
us to study more projects although it is «clear thot (¢ooc Cato
collection techniques are more important here than in lorgcs
projects because mistakes can hueve a much stronger impuCis The
large numoer "of projects being compared also permiyv various

1
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software development parameters and technigues to be analyzed anc
compared with gquantitative assessuents by correlating caote 0Cross

several projectse

The current status of grcjects din  the Laboretory nave
permitted us to begin reporting back to management “the status of
projects and to begin analyzing individual aspects o¢f @©rojects;,
checking their relationships to large scale project results “Tounu
in the literature. The model of resource wutilizeticn wviae tihe
Rayieigh curve is an important icea that is being investigatoed.
Error rates and their causes are also under study. sSince  the
Laboratory only started to collect data in Decewber ot 1970y ai
since most projects take from 1¢ to 16 months 10 compiotu, Lo

first few projects are only now being completed; howtvery wilhin
the next 4 to é months, about four amore projects will bte rceuy tor
analysise This will allow for more careful comparisons »iin tne

data already collected.
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Analyzing NMedium Scale Sof tware vevelopment*
PRUJLCTI A RERQJEICLT Z
INITIAL ESTIMATES FROIM GENERAL PROJECT SUNMMARY
Ka, Resources neeceu (hours? 14,273 a¢,9°7
Ta, Time to completion (wee ks ) 4o
Ya, Maximum resources/seex (hrs) 35u JZb
COYMPLETION ESTIMATES USIKG RAYLE IGH CURVE
K, Resources necded (hours) 10y 151 Th 77w
Estimated Yd with Ta fixed (hrs) &40 {5¢
Estimated Te with Y& fixeo (hrs) b 5¢
ACTUAL PROJECT DATA
K, Resources ncede3d (hrs) 17,74¢ 10,4547
Yo, Maximum resources (hrs) 377 47
Ta, Completion time (weeks) 62 54
Ta, estimated using actyal .
values of K anc Yo (weexs) 60 43

Figure 3. Estimating Te and Ya f row

Summary data.

General Project

PRCJECT A PROJELT =
LEAST SQUARES FIT THROUGH ALL POINTS
Ky, in hours Uy N8 7 1749R4
Ta, in weeks 57 61
LEAST SQUARES FIT USING POINTS UP T0
ESTIMATED ACCEPTANCE TESTING DAT
Ky in hours 16,827 25 ?14
Ta, in weeks 49 3
ACTUAL PROJECT DATA
Ky in hours 17742 164545
Ta, in weeks 62 : S5u
;jgure 5, Estimating K ana Ta uwsing least squares
R
15 OR,GE? AL F‘"Af}:{ is

CF POCR QUALITY



gy 3ges 332014 3% Blusesipnban BrArossd privesyed - 4 13afo1yg g s3e%1a
03ETs FLWI ACLITVrA) = o
wivad Aeriiv - 4
€3vE4 SI)RC0SAT Mraliew — o
n
AR LASMAR PP PP L N ok it ol
C W SR A B s i, O NS P s, B O M et U O B P, A e W T A ot A P WA S L
* L]
.
..
..
- -
-
-
-
v -
»
-
.
- - ..
.. - . .
. - -
» - . . » <
- o
L d - - € -
L] ~
» L4 . [ .
- - . . HE
. . . . =
- - .
- - -
, - ssa » - - - -
- . -
. - n
L d .
- -n L4
. - . ~
.. . LI a
. - ©
- - -
L on
- .. . .
ee aes’
*nenen
- A4 -
-
M LR ] - .
. . .
- - .
.
. .
. .
. .s -
. .
. .- - .
- . .
- .
- . se e .
..
.
-
BOLUTLETRIL T ST LIS antim o MmO nES. TS ST A rh s Tt LT T oommnnr Dottt oTTEIT oI TALTTLL LT EARTLTALS Ll - - -t
' €L e e mIIRTA, W YT A RS TR

i m et e e 2 . - =




e m i e e h e eme e o e e e e R e amem me s e S—m T emmion b e m o e e b e e m me e Mmoo mm | e s

’
. -
n
®oy3ey3iwy 334{03d IV mimsw2rirbas 8dincsas pIivesuy - ¥ 13a[n1g oy sanlyy H
.
CINTY Fiv? ADLL]V400% = o -
Yivd Seride - v
€204 STINNGSIn MOalrwe = o H
”i
BOOO PO T DG VAL NS P S PSP
T B 7 tr st GO Do P ot o D ot 9 Al s D D B A . R340 4D WP 5 A 8 P B P e AR A S et
[
e
1o
H
L]
»
H
.
.
»
P oz
P uw
LI
[T
[
14
v
-
=
»
| Ve
, [
) -
[
*
»
e
L]
e
H
H
.
H
H
H
.
H
H
'
HE
e
, N S
H
.
v
.
'
V
L AN A 2 L. - - -
’
. e R = Tl —— e e e e ———— _ e e e e s e i by b b ¢ e s = 0 pepenet < nn = —— ot




oo 3

e 3re

bedavtast

”

1671
Jo73

Jo7s
1576

uslé
1679

1631
638

1634

J5356
Jod7

J649
0%0

Analyzing Megium Scele Sof tware Development*

PROJECT & EROJECT &
INITIAL ESTIMATES FROM GENERAL PRUOJECT SUMMaRY
Ka, Resources necded (hours) 14,713 12,557
Ta, Time to comcletion (weeks) 4 Lt
Yd, Maximum resources/week {hrs) 354 307
COMPLETION ESTIMATES ULSING RAYL CIGH CUFRVE
Ky Resources neeceg (h?urs) , 1514 14,770
Estimsteu Yd witn Ta fixec (nrs§ Lof, - 454
Estimateo Ta with Y3 fixea (hrs) 5° Le
ACTUAL PROJECT OATA
Ky Rcsources neeceo (hrs) 174747 1¢y54Y
Yd, Haxinum resources (hrs) 371 402
Ta, Completion tine (weeks) 62 54
Ta, estimates usin, ac Y :
values of K anc Yo (weeks) 6 o7

Figure 3. €stimating Ta and Yo frow General Project
Summary dates

BaQJECT A PRWILCT &

LEAST SGUARES FIT THROUGH ALL P LINTS

Xy in nours cuy G687 17,76

Jay in weeks s7 ¢
LEASY SGUARES FIT USIKLG POINTS LP TO
ESTIMATEO ACCEPTANCE VESTING OATE

Ky in hours 10,827 Sy 74

Tay, in weeks - [17 [&]
ACTUAL PROJECT DATA

Ky in hours 17,762 16,547

Tay i weceks 6¢ 54

s\aurc 5. Estimating K ana Ta using least sauares
ite
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Best fit based upon pointe up to time X

- = w Best fit based upon points up to time Y

Figure 6. Rayleigh curve estimation on medium scale projects
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HOURS ON EACH ACTIVITY DATE LAST ESTTMATLED

COMPONENT _DESIGN CODE _TEST _ TOTAL REFERENCED HOURS _ COMPLETION
o™ 79 75 9/16/77

CHARRO 12 S 21 7/ 8/ 15 2/18/17
CMARRP 6 3 9 s/18/77 14 6/30/77
CHASP g 1 8 2/18/77 5 s/ 1/77
CHQHP 8 10 18 2/11/77 15 6/30/77
QORIV 2 3 s EYIUVAL, 10 o/ 19717
QOTCT 1 10 11 22 & v 5 4f15/17

] A R -y A \- \ :
Higure 2. Sam le duta frported bérk to management, (Note: Projgs} brg\g four
moﬁlhs befyre xeportlag Lorms flrag used so modt of design-data was not™
c,lly:ted for L'(helu\/t:ompcment’. )

Figure 7. Resource data by components (Data collection on this project
began after design phase completed, 60 little design time is shown.)
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(a) Handling Rate by week

(b) Report rete by week

'ORIGINAL PAGE IS
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Pigure 8. Handling and report vate of project A,



